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EXECUTIVE SUMMARY

As the title suggests this document provides brief instructions for a set
of computer subroutines called SIMBAT. SINBAT can unconditionally and condi-
tionally simulate random directional ocean wave properties. Given an estimate
of the directional wave spectrum, the program calculates elevations, kinematics,
and pressures in the random wave field. These calculations can be conditioned
on particular kinematic or surface elevation time series.

Conditional simulation of wave property time series statistically consis-
tent with a specified measurement set, provides a very powerful approach to
certain ocean engineering problems. The usual computer simulation of waves
satisfying a specified model for the directional spectral density suffers from
a serious practical defect if one is primarily interested in producing very
large waves. Most simulations produce only average waves unless the simulation
is run for a very, very long time. SIMBAT allows for the inclusion of a large
wave profile or wave group to be embedded into the wave train, resulting in
very short computer simulations.

The report describes basic wave properties in their complex form, describes
the program SIMBAT, and explains in detail the development of the Legendre

polynomials for storage of the large volume of wave kinematic data generated.

This contract report was prepared by Dr. Leon Borgman, professor of
Statistics and Geology at the University of Wyoming, working for the Naval
Civil Engineering Laboratory through his statistical consulting firm, Leon E.
Borgman, Inc. The work was principally funded by the Mineral Management
Service through Charles Smith of the Technology Assessment & Research Branch.
Additional work in fiscal year 1990 is planned under Naval Facilities Engineer-
ing Command funding for testing, modifying, and annotating SIMBAT.
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1.0 GENERAL COORDINATE SYSTEM

The ocean wave kinematics will be referenced to a general horizontal

coordinate system. All horizontal coordinate axes are established within

navigation headings measured clockwise from true north.

e = direction of positive x-axisx

8 = direction of positive y-axis (1)

ex y = 900

Let the vertical axis z be zero at mean water level and positive down-
ward.

The direction of travel of a wave is 8 in navigation heading. The

wave is traveling toward direction 8 if 00 = 1 and is coming from
direction e if 80 = -I.

2.0 BASIC WAVE PROPERTIES

Eight wave properties are of interest. In terms of real functions,

there are

(1) The water level elevation:

(x,y,t) = a cos 10 k x cos(6 - 8x ) + y cos(e - 8 )J

- 2vft -# (2)

(2) The components of water perticle velocity:

[V x = a(2wf)) cosh[k(d-z)] 6 o x j0
Vx,y,z,t) sinh(kd) 8° cos(8-6y j

cos (0 0 kx cos(8-8 x) + y cos(6-8 )

- 21ft - (3)



Vzx,y,z,t) =a(2irf) s inh(kdz) sin[O klx cos(8-6)

+ y cos(G-8 )I - 2l1ft - 01 (4)

(3) The components of water particle acceleration:

a a(2lZ ~ f)2 coshfk(d-z)1 a 0c(8 x
a~x~y~z~t)sinh(kd) a cos(8-8)I

*sin[B 0kfx cos(0- 6x) + y cos(B-0 )J

2ffft - 01(5)

a~C~y,~t) = -a(2rf
2 *sinh[k(d-z)l cos[O kfx cos(O-0(yt)sin(kd) 0 x

+ y cos(9-8 y)I - 2ffft -01 (6)

(4) The water pressure anomaly (Plus and minus about hydrostatic

pressure):

P(xOYIzpt) = apg coshrk~d-z)l cos[O kfx cos(O-8 )

+ y cos(G-6 J 21rft + 0] (7)
y

In these formulas

a = wave amplitude

f =wave frequency

d = water depth

k - wave number = 2vw/wave length

- wave phase

p = water density

g = acceleration due to gravity
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3.0 WAVE PROPERTIES IN COMPLEX FORM

Through the use of the complex form of cos a and sin a where

Co g= exp(ia) + 2exp(-ia)()

= exp(is) - exp(-ic)()
sin a = 21(9

All of the wave properties listed above can be expressed in the form:

= ae i
B(f) G(z) T(f) H1(O) exp[-iO 0kfx cos(8-9 X)

+ y cos(9-6 )1) exp(i2wft) (10)
y

for positive f. The original real-valued wave time propertv equals

B(f) + B(f)* where

B*Cf) =complex conjugate of B(f) (11)

The functions G, T, and H for each wave property are:

(1) Water level elevation:

G(z) = T(f) = H(8) 3 1.0 (12)

(2) Velocity:

cosh(d-z)_1 l -k e-k2d- for V and V
sinh(kd) ~ ll e kIx y

G(z) = sinhfk~d-z)] - -kz -k(2d-z) Ifo (13)[sirih(kd) 11 - 2kd fo

T~f) { 27wf , for V xandV y(4
T~f) = 21rfi for (14

10cos(8-0 ) , for V

H(9) = 0 cos(9-0 ) for V (5

[1.0 for V
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(3) Acceleration:

[ kz -k(2d-z)coshfk(d-z)) = le + efo aan a

G~) =I sinh(kd) ([I - e'2kd fo a n y
GWsinhfk(d-z)] fe k _ -k(2-z for a (6[sinh(kd) -l -2 z

(21f )2I, for a and a
T(f) 2 x y (17){-(21rf) , for a

z

H(8) 0 : ::(:I: y ) fo axy (18)
1.0 for a

(4) Pressure anomaly:

G') = coshfk(d-z)1 -ikz + e-k( 2 d-z)i()
Gz - cosh(kd) f+ e -2kd (9

T(f) = pg (20)

H(8) = 1.0 (21)

4.0 WVEW PROPERTIES AS A DISCRETE FOURIER TRANSFORM

Let ae iobe replaced by the complex-valued wave amplitude A mj for

frequencies, f :

WmAf; 15.M5-- 1 ~ and directions, 8.,

(j S; 15j -. J]

where AB = 21/J

Af= 11(N at)

At - time increment

N At - length of time series-

4



Also let k be replaced by k wherem

(2f) = g k tanh(k d) (22)Mm m

The sequence, defined above for 1 S m < N/2, can be extended to N/2 < m

: N-1 by requiring that (in analogy to Eq 10)

B[CN-m)Af] = B(m Af)* (23)

where B(f) is the general complex-valued wave property defined previously.

The sum of these wave forms over 0 5 m 5 N-1 gives a discrete Fourier

Lransform version of the wave properties. Here, it is assumed that Amj

= 0 for m = 0 and m = N'2. The m = 0 value is the mean or DC component.

Taking it as zero guarantees that the wave property oscillates about

zero. The value at m = N/2 is a very high frequency component at the

Nyquest frequency. The length of the time series, N, and the time

increment, At, can always be selected so that there is no energy at fN/2

= (N/2) Af.

Then,

Jwave property} A G
at t =n At [ mj G m Tm Hj

R=0 J=l

-iS k Ix cos(8.-8 x ) + y cos(.- y)} i2inN
•e 0mxjY e N

....... (24 )

This represents a summing of many waves, each with their own frequency,

phase, and direction.

The last equation provides the general procedure for

frequency-domain wave simulation. The quantity in the bracket is

computed for 1 S m < N/2. Usually this is only necessary for a

relatively small subset of the interval, say

0 < m B  m 5 mL < N/2 (25)

5



or

NUM = mL - m + (26)

frequency increments. Then the rest of the coefficients for 0 S m S N/2

are set to zero. The values for N/2 < m < N-i are the complex conjugate

of those in the left half of the sequence. That is,

(coefficient at N-m} = (coefficient at mJ* (27)

. PROGRAM LAYOUT

The program has seven options in addition to exit and help options.

These are:

(1) Option No. 1.

A complex-valued matrix of wave amplitudes in the form:

A(m,j) = p(m,j) e
io(mj)

is simulated by frequency-domain computations. Here, p is the wave

amplitude, 0 is the phase. The m-index ranges over a regular grid of

frequencies, and the j-index ranges over direction of wave travel. This

option gives an unconditional simulation.

(2) Option No. 2.

A conditional simulation is a time series simulation which is

forced to agree with a specified initial data time series segment, while

maintaining appropriate correlated randomness. The program SIMBAT

develops conditional simulation by several methods, all based on first

producing a conditional simulation of the A(m,j) described under the

first option. These A(m,j) however are conditionally simulated, rather

than unconditionally simulated. The production of such a set of

conditional simulation requires a number of pre-computed arrays. Option

6



No. 2 develops these input arrays. Thus, it is a pre-processor to the

various options which subsequently compute the actual conditional

simulations.

(3) Option No. 3.

This option uses the output from the previous option, for the case

where the conditioning interval is shorter than the full time series, to

compute a conditional simulation of the A(m,j) complex matrix of wave

amplitudes.

(4) Option Ho. 4.

This option is the same as Option No. 3 above, except that the

conditioning interval is a full time series. That is, a measured time

series of length, N, is used to develop the A(m,j) complex-valued wave

amplitude, which in turn may be used to simulate in a later option, time

series of length, N.

(5) Option No. 5.

This option uses the complex amplitude table of A(m,j) values to

generate full time series (of length N) for various wave properties as

specified. It basically is designed to be useful for the case where

only a few time series (say 20 or less) are needed.

(6) Option No. 6.

This option is the fastest way to develop velocities and accelera-

tions at many load points throughout a complex structure. It provides

orthogonal polynomial coefficients for a Legendre expansion of each of

eight wave properties (n, Vx, Vy, Vz, ax, ay, az, pressure) within a

region (xo-D 1 < x < xo+D), (yo-D 2 < y < yo+D2 ), and 0 < z < d. -A dif-

ferent, (optional) set of coefficients are provided at time step, as

stored on a file. Option No. 6 computes these coefficients and stores

7



them on a master file. The user then reads the master file, time-step

by time-step, and uses coefficients at that time step to generate all

the wave kinematics at the various (x,y,z) locations throughout the struc-

ture. Then the user reads the next coefficient set at that time step,

and so forth.

(7) Option No. 7.

This option provides a short list of wave amplitudes, phases,

frequencies, wave numbers, and travel directions which give a wave train

that approximates the full wave field represented by the A(m,j) matrix.

It will not exactly agree with the condition set, but will be somewhat

near. It is probably slower also, in use, than Option No. 6 above.

An overall flow chart is shown in Figure 1. The delta stretching

is applied by the user as based on having the sea surface elevation and

the wave kinematics at the same (x,y) location. Other spectral models

and spreading functions will also be coded into the package. Currently,

the Ochi-Hubble and Gaussian spreading function are implemented. However,

it is easy to insert other choices as subroutines into the structure.

It is anticipated that many further enhancements and modifictions

will be introduced during July and August 1988 as a natural outgrowth of

experience and further needs as the program is used in applications.

6.0 SINBAT SEPAMATE-MODULE PACKAGE

The SIMBAT simulation package is also provided in separate modules

of relatively small size for computation on larger microcomputers. The

modules are:

1. SIM125 -- options 1, 2, and 5

2. SIM3 -- option 3

3. SIM4 -- option 4

4. SIM6 -- option 6

5. SIM7 -- option 7

8



Before running program: Set parameters and compile, either for unconditional simulation
(option no. 1) or conditional simulations (option no. 2)

EXECUTE PROGRAM

Write Title

read previous output start fresh

From What File?
Enter Title

and
Documentation

Read Header
Read Data

Output Parameter
List, Title, Doc., etc.

Figure 1. Overall flow chart for SIMBAT.FOR.
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Write Option List

END

Whats Option?

Unconditional Amplitude _-
simulation LL

Preprocess
Conditional 2
Simulation

Conditional Amltd
Simulation 3Cd lc

(Cond. Segment < N)

Conditional Amplitude
Simulation

(Cond. Segment - N)CoeBck#

Properties5CoeBck#

Orthogonal Coeff.
Polymonial 6CoeBck#
Expansion

Short List Amplitude
Wave Amplitudes7CoeBck#

Help L8Code Block #6

more help exit

Figure 1. Overall flow chart for SIMBAT.FOR (continued).
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Each module is used by executing the module and exiting with storage of

the results on a .user-selected file. The set of complex wave amplitudes

{A(m,j) ; 0 S m 5 N-i, 0 5 j S J-l

Each option can be classified relative to its relation to A(m,j) as

shown in Figure 2.

Option No. 2
conditional
simulation

preprocessor
Option No. 1 Option No. 3 Option No. 4

conditional conditional
unconditional simulation simulation

simulation L < N L - N

A(mj)

produce a finite produce coef. for produce abbreviated

number of time series local orthogonal low-resolution
expression amplitude set

Option No. 5 Option No. 6 Option No. 7

Option Nos. 1, 3, and 4 produce a set of A(mj). Option Nos. 5, 6, and 7
use an amplitude matrix as input and produce time series or

algorithms to lead to time series. Option 2 is a special preprocessor
which must precede the execution of Option Nos. 3 or 4.

Figure 2. SIMBAT module relationship.
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Any of the basic inputs (1), (2,3), or (2,4) can be combined with

any of. the basic outputs (5), (6), or (7). Typical example runs are

shown in Appendix A and as files on the accompanying diskettes. The

fundamental output for Option No. 6 is given on the diskette as file

MAST6.DAT. Option No. 6 requires further theoretical discussion.

Similarly, the concepts of conditional probability deserve an expanded

exposition.

7.0 ORTHOGONAL EXPANSION (OPTION 6)

The shear mass of computations required to compute forces at many

load points in a moving structure subject to wave actions is a major

problem in operating with either conditional or unconditional

simulations of wave kinematics. One approach is to try to reduce the

number of waves required to produce (approximately) the same wave train.

This is provided by Option No. 7. Another approach is to summarize the

local variations of the wave kinematics in some sort of additive

function system. Option No. 6 is based on Legendre and shifted Legendre

orthogonal polynomials. Let

Pn(x) a + a + ... + anxn (28)

p*(x) = a* + a*x + ... + a*xn  (29)

n o 1 n

be the Legendre and shifted Legendre othogonal polynomials of order n.

The coefficients are selected so that

1 0 , if m n

f Pm(x) pn(x) dx = 2 (30)

-1 2n+l 'if m = n

10 ,if m n
p (X) pn dx = 1 (31)

0 2n+L 1 if 'm n

12



The first several Legendre polynomials are

PO (x) 1

Pi (x) =x

P2 (x) =(3x
2 _ -1)/2

P3C(x) O (x 3_3x)/2

P4C(x) =(35x
4 _ -30x 2+3)/8

P5 (x) =(63x 5_70x 3+15x)/8

The SIMBAT programs incorporate Legendre polynomials up to order 12.

Most approximations to wave kinematics will not require orders greater

than 5.

The use of orthogonal polynomials to approximate an arbitrary

function, g(x), defined on (-1,1) can be illustrated as follows.

Suppose the approximation to be used is

N

g(x) I a n PnCx) (33)

n0O

The coefficients a nare chosen from a "least-squares" criterion. Let

a be those values which minimize
n

Q f I~ x - 20 a n Pn (x)j dx (34)

Then

1 [N
2 ) I a n 'n() k() dx (35)

-l2gkx nn-0 p~

1 N1

2'~ ) = f g(x) Pk( x) dx + I an f pn(x) Pk( x) dx (36)
-1 n0O -1

13



Q is at an extreme if aQ/3a k = 0 for all k=0,l,2,...,N. This reduces to

N 1 1

San f Pn(X) Pk(x) dx = f g(x) Pk(x) dx (37)

n=-O -1 -1

But by the orthogonality relation, this further reduces to

1

ak(-- k+) = f g(x) Pk(X) dx (38)

-1

The similar development for shifted Legendre polynomials gives

1

= (2k+l) f g(x) p*(x) dx (40)

0

How can these relations be applied to ocean wave kinematics? The essen-

tial cannonical form for a linear wave property is given in Equation 24.

It should be noted that in every case, Gm(z) is either 1.0 (water level

elevation) or is of the form

-k z -k m(2d-z)e +Sl e

-2k d

where km is the wave number. Thus, the general wave property, p(n At)

can be expressed from Equation 10 as

N-i

p(n At) = C ei2wmn/N (42)

m=O

where C is the FFT coefficient given by

JA -1okm (x cos(O-8 ) + y cos(8-y )1
Cm = Arni y (43)

J=l

14



for sea surface elevations, and

Cm I = m { -k' + eImdz
J=1 1 1 + s' 2 e }

-io k [ x cos(O8 ) + y cos(O-0 )J
*e (44)

for the other wave properties. These can be expressed as a sum of

:iroducts of separate functions of x, y, and z as

Sea Surface

SiS 0kx cosC8-0 ) iO kMy cos(e-e )
Cm ) A e e 0 (45)

J=1

Other Wave Properties

Cm A mj T M H -k mz se-kM(2d-z)

m = *-d 1
J=1 I + a

a-iB 0k Mx cos(O-8 x) a-10 0k y cos(S-8 y 46

Suppose it is desired to obtain a good representation locally in the

vicinity of the structure. Consider the volume

x -D :S x 5 x +D
0 1 01

YOD y s yo+D 2  (47)

0OSz 5d

(Here z has been taken as positive downwards and zero at mean water

level.)

15



It is natural to scale the function as

Sea Surface

J -10 0k x 0cos(S-0 x) -10iok D 1 D ) cosc8-0.)

C3  Arne e

J=1

-i08 k MY cos(8-8 y) -10i0k D 2(D 2 ) cos(O-0 ) (48)

e

Other Wave Properties

C ~A mjIT H j e-k mz +Se-k m(d

m-2kd{ + (dz)
1= 1 l+ s2 e

0i k mx 0cos(8-0 ) -iB k D I-X cos(B-8 )
*e e

-i 0k my 0cos(O-8 ) -1 D2L 0 cos(O-0 y (49)
2*e e

Let

--1 k D ( 1) cos(8-8 ) N a p X X0( 
0

e - 1 a a(X (50

-10 1 o ( -

o m k 2( L -) cos( -e))
e ) a8 a s( (51)

0=02

-k z N-
e = C, Cp*(e 0 (52)

T=O

16



-A

where k 0is a selected single reference wave number. For many applica-_

tions, the second term

-k M(2d-z)
e

is negligible because depth is large. For the moment suppose that this

second term can be ignored. It will be reintroduced later. Then if

u = (x-x 0)/DI

v = (y-yo )/D 2  (53)

-k z
0

Sea Surface

1-10 k m[x 0cos(8-8 ) + y 0cos(B-8 )
Cm I m max

j=1

N N

a aP (u) - b (~v) (54)

Other Wave Properties

C A M T M j e-iB k m[x 0cos(G-0 ) + y0 COS(B8- )]

M -2k d

N N N -k z

a ap (u) b bp(v) * cp*(e 0) (54)

C=O 0=0 T=O

If this is substituted into Equatian 42

NN N -

P~ t nAt) p )p(v) p*( 0 (55)

17



where (sea surface case)

N-1 J _ieokm 0 cos(8B-8)

,'( t) I I aa bB A e
m0 L J=1

e-i0 k y cos(O-Oy e12wmn/N (56)

This is an FFT of the quantity within for each a, 0, and T combina-

t ion.
The other wave properties have a similar expression with

B ,T(n At) = a b0 cy Amj Tm Hj

m=O j=l

e-1 k m[x cos(8-8x ) + yo cos(18y) e i21mn/N

l+ s2 e -Zm i2 ~n'

...... .. .. (57 )

At a given time, n At, many of the B for a given wave property,

are negligible. After all the region x±D1  and yo±D 2 is relatively

small relative to the wave lengths. Hence low crder polynomials are all

that are required in order to represent the variation over the horizontal

region. The variation vertically is more or less exponentially atten-

uated with depth, so a polynomial in

-k z
0e

should only need relatively low order.

Hence, at a given time, only a few B,$,r will be needed to repre-

sent the wave property. The particular coefficient needed may, however,

be different from one time step to another.

18



Up to here the actual computation of as, b, and c has been not

explicitly stated. From the definition of orthogonal polynomials

1 I
a = 2ct~l "ik m 0oD 1 cos(O-0 x)u (udu582a+l e pmou) d (58)

-l

1 BD 0 2 cos(8-8 )v

2= 2B l [ moY P (59)
-l

1 k /k

cr = (2T+l) J w p(w dw (60)

0

8.0 IMPJEENATION IN CODE

The aa, b, and c., which are functions of m and j, are computed

and combined as given in Equation 56 and 57 and then Fourier transform

with the fast Fourier transform to develop Ba CO(n At) for each wave

property. These qre sorted in order of absolute value at each time step

and listed in a sequential file.

The coefficients are listed in the file in integer form with the

last 3 digits giving an index which may be used to determine the orders

a, B, and T for that coefficient. Thus, the coefficient with value

xxx.xxx is listed as the integer xxxxxxyyy where yyy is the order

designator. A matrix

LSTXYZ (yyy,l) = a

LSTXYZ (yyy,2) = B

LSTXYZ (yyy,3) = T

gives the order associated with each yyy value. The integers are ranked

in order of decreasing absolute value. Thus the user can compute with

the much abbreviated list of coefficients needed at that time step to

represent the wave property within the local region.
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9.0 OTHER DEPTH TERM

Let

-k (2d-z)
W2  = e

Then an exactly similar expansion with the same coefficients can be

developed. The resulting representation of the wave property is

N N N

p(n At) = B a,O (n At) Pa(u) P(V

a=0 6=0 1=0

{*( -k oz + *e-ko0(2d-z))

p:(e p u)+p8(v)

Note: The Module SIM6 is still under testing and may be changed further

as the study continues.
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Appendix A

EXAMPIE RUNS



OPTION NO. 1 CONSOLE USTING
TO BE FOLLOWED BY OPTION NO. 5

PROGRAM SIMULATES WAVE PROPERTtES BY FREQUENCY DOMAIN M12HODS
FOR EITHER UNCONDITIONAL OR CONDITIONAL SIMULATIONS.

(WRITTEN BY LEON BORGMAN, LARAMIE. WYOMING)

PLEASE KEY RETURN TO CONTINUE

DO YOU WISH TO READ OUTPiJT FROM PREVIOUS RUNS
0 OPTIONS o1 OR *2 (Y - YES. N = NO
N

ENTER A 50-CHARACTER TITLE FOR THE TIME SERIES DATA.

5/30/88 5:07 AM CONSOLE LIST EXAMPLE

ENTER A 50-CHARACTER SUMMARY OF TW-E TIME SERIES
DOCUMENTATION FOR FUTURE REFERENCE.

THE OUTPUT IS STORED ON L:LIST1.DAT
OPTIONS ACTIVE IN THIS SUBPROGRAM:
0. EXIT PROGRAM

1. PRODUCE COMPLEX AMPLITUDES FOR LNCCNDIT," NAL SMLLAT:c.%S
2. PRE-PROCESS DATA TO PRODUCE NECESSARY INPU"T FOR A

CONDITIONAL SIMULATION
5. SIMULATE TIME SERIES FROM AMPLITUDES (USES OLUTPUT FROM

. STEP #1. #3. OR #4.)

8. HELP

(PLEASE ENTER YOUR CHOICE AND KEY RETURN)

1 OPTION NO.
ENTER SPEC-RAL-L.'NE CUTOFF FRACTION. (NOTC: A S.i'A
VALUE IS GOOD. ONLY THOSE LINES GIVtNG VARIANCZ .3

GREATER THAN OR SQUAL TO (CUTOFF*LARGEST SPECTRAL J ) :
KEOT
0e. 00g00i

ENTER SEED INTEGER FOR RANDOM NUMBER GENERATOR. 110
- --- ------------------------------------------

1234'56

ENTER !OPT:

IOPT-1 INDICATES DSPEC MATRIX IS CCMPUTED AND T:-iEN
STORED FOR FUTURE USE :N A U3CR-SPCECIFIED FILE.



! 1
ENTER FILE NAME TO WMIC THE DATA ES TO BE S7ORED.
J:DSPEC1.DAT

ENTER A 50-CHARACTER TITLE FOR DRSPEC. MATRIX

EXAMPLE DIR. SPECTRA NO. I

MODE NUMBER AT TH:S STEP = 1
DO YOU WANT TO ENTER ANOTAER MODE?

ENTER N=NO IF NO MORE MODES ARE -0 BE ENTERED.
OTHERWISE. ENTER Y-YES

WHAT IS tOUR CHOICE?

ENTER LAMDA FOR 0-H SPECTRA. NOTE: LAMDA=I.0 FOR
P-M SPECTRA OR JONSWAP SPECTRA

1.0
ENTER MODAL FREQUENCY FOR MODE.

0.1
ENTER TOTAL VARIANCE OF MODE.
VARIANCE DIMENSIONS DE ERMI.E SP CTRA DIMENSIONS
DR.SPECT.DENSITY WIlL BE IN UNITS OF
UENGTH**2 PER (HERTZ-RADIAN)
100.0

PRINC. D R. =PR'JNC. DIR. CONST. +
PRINC. DIR. S'OPE* (FREQ. -MODAL =ED.)

DIMENSIONS: PRINC.DIR.CONST. iN %NAV. DEGREES
PRINC. D:R. SLOPE IN D REES-SEC.

ENTER PRINCIPAL D!RECT:ON CONSTANT FCR MODE.
0.0

ENTER PRINCIPAL DIRECTION SLOPE =OR MODE.
0.0

SPRD. STD. DEV.=SPRD. STD. DEV. CONST.
SPRD. STD. DEV. SLOPE* (REO. -f.ODAuL REO.;

DIMENSIONS: SPRD.STD.DEV.CCNST. IN NAV. DEGREES
SPRD. STD. DEV. SLOPE IN DEGREES-SEC.

ENTER SPREADING S7D. DEV. CONSTANT FOR MODE.
30.3
.ENTER SPREADING S7D. DEV. SLOPE FOR MODE.
0.0
SPECTRA PARAMETERS: LAMDA. FO. VAR- 1.00000 0 0O00 1 0.
SPREAD PARAMETERS: THETO.THET1.SIGO.SIGl= .000t.0
ARE THESE THE VALUES YOU WANTED? IF NOT, ENTER N-NO

AND RE-ENTER PARAMETERS FOR THIS MODE.
OTHERWISE ENTER Y-YES

WHAT IS YOUR CIYOICE?
Y

MODE NIUMSE. AT THI!3 STE' =
DO YOU WANT TO ENTER AN13THER MODEn

ENTER N-NO 17 NO MORE mODES ARE TO BsE .'TEIED.
OTHERWISE. ENTER Y-YES

WHAT IS YOUR CHOICE?

N

AMPLITUDE RANDOMNESS MENU
1. RANDOM PWASE. BUT WAVE AMPLITUDE DETERMINISTIC AND

CONSTRAINED TO BE EQUAL TO 2.0*SQRT(S(.THETA))
2. RANDOM nHASE AND RANDCM AMPLITUDE
LEASE ENTER YOUR CHOICZ

............ ............



POrNT 8 REACHED-
POINT C REACHED
O!CNT D REACHED
NUMBER OF DEGRgES OF FRES 1707
OPTIONS 14CTIVE IN TH:S SUBPROGRAM:
Z0. EXIT OROGRAM 

- O A : Q A I N4. PRODUCS COMPLEX AMPLITUDES ' OR UNCO"JDIICLSILAOS
Z~. PRE-PROCESS DATA TO PRODUCE NEC.ESSARY IPTFOR P~

CONDITIONAL SIMULATION
5. SIMULATE TIME SERIES e RM AMPLITUDES !LSrES 0 )jr:,T -RC

STEP #1. *3. OR *4.)
S. HELP

(PLEASE ENTER YOUR CHOICE AND KEY RETU-RN)

DO YOU WANT -TO SAVE THE OUTPUT FROM '-AST OPTION
STEP ON A SEPARATE USER SPECIFIED FILE " Y OR N

PL1.,_ASE ENTER THE FILE .\:Afv!E F-0- S370RAGE
j: CUT 1. DAT OUTPUTf FILE
Troarammad S50P

The printer listing Is In file USTiM.AT.
The output to be used as Input to Option no. 5 Is stored In OUT2.DAT.



CONSOLE LIST FOR OPTION NO. 5
FOLLOWING OPTION NO. I

PROGRAM SIMULATES WAVE PROPERTIES BY FRECUENCY DOPANIN METO

FOR EITHER UNCONDITIONAL OR CONDITIONAL SIMLLAT DNS.
(WRITTEN BY LEON BORGMAN. LARAMIEj WYOMING)

PLEASE KEY RETURN TO CONTINUE
** * ******** ****** * ***** * **** *** ** * ** *** **** * * *** ** *** * * * *

DO YOU WISH TO READ OUTPUT FROM P.RVIOUS RUNS

OF OP7TIONS #1 OR #2? (Y = YES. N = NC
Y

WHAT IS THE FILE NAME FOR PREVIOUS TPUT?

j:OUT1.DAT
OPTIONS ACTNVE 1'4 THIS SJBPROGRAM:

0. EXIT PROGRAM
4. PRODUCE COMPLEX AMPLITUDES FOR UNCONDITIONAL SIMULATIONS

2. PRE-PROCESS DATA TO PRODUCE NECESSARY INPUT FOR A

CONDITIONAL SIMULATION
5. SIMULATE TIME SERIES FROM AMPLITUDES (USES OUTPUT rROM

STEP #1. #3. OR #4.)
8. HELP

(PLEASE ENTER YOUR CHOICE AND K8Y RE-URN)

5 OPTION NO.
ENTER NOISE TO SIGNAL RATIO. AS RATIO OF NCISE

STANDARD DEVIATION TO SIGNAL STANDARD DEVIATION

0.0
CHANNEL NUMBER: I

PLEASE ENTER MEAN VALUE DESIRED FOR THIS CHANNEL
0.0
CHANNEL NUMBER:
PLEASE ENTER MEAN VALUE DESIRED FOR THIS CAANNE-

0.0
CHANNEL NUMBER: 3
PLEASE ENTER MEAN VALLE DESIRED FOR THIS C:-ANNCL

0.0
ENTER TIME STEP FOR START OF-LIST AND RETURN
1
ENTER TIME STEP AT TERMINATION OF LIST AND RETURN
ao0

ENTER 0 lF GRAPHICAL OUTPUT IS DESIRED

KEY I IF NUMERICAL LIST OF TIME SERIES IS WANTED

;UMBER OF DEGREES OF FREEDOM = 0



2. PRE-PROCESS DATA T"O 'ROJDUCE NECESSARY INPUT FOR A
CONDITIONAL SIMULATION

5. SIMULATE TIME SERIES FROM AMPLITUDES (USES OLTPUT TROM
STEP *1. *3. OR #4.)

S. HELP

(PLEASE ENTER YOUR CHOICE AND KEY RETURN)

ENTER NOISE TO SIGNAL RATIO. AS RATIO Oi NOISE
STANDARD DEVIATION TO SIGNAL STANDARD DEVIATION

0.0

CHANNEL NUMBER:
PLEASE ENTER MEAN VALUE DESIRED FOR THIS CHANNEL

0.0.
CHANNEL NUMBER: 2
PLEASE ENTER MEAN VALUE DESIRED FOR THIS CHANNEL
0. 0

CHANNEL NUMBER: 3
PLEASE ENTER MEAN VALLE DESIRED 7OR THIS CHANNEL
0.0
ENTER TIME STEP FOR START CF L:ST AND RETURN
I
ENTER TIME STEP AT TERMINATION OF LIST AND RETURN

ENTER 0 IP GRAPHICAL OUTPUT IS DESIRED
KEY I IF NUMERICAL LIST OF -INE SERIES IS WANTED
1

NUBE F DEGREES Z-7 "rEEDOM -

OPTIONS ACTIVE :N -H:S 5UBPROGRArf:
0. EXIT 2ROGRAiM
1. PRODUCE COMPLEX AMPLITUDES GR 'UNCONDITIONAL SIMULATIONS
". PRE-PROCESS DATA TO PRODUCE NECESSARY TNPUT FOR A

CONDITIONAL SIMULATION
5. SIMULATE TIME SERIES =ROm AMPLITLIDES (uSES OUTPUT PROM

STEP #1. #3. OR #4.)
S. HELP

(PLEASE ENTER YOUR CHOICE AND KEY RETURN)

DO YOU WANT TO SAVE THE OUTPUT FROM LAST OPTION
STEP ON A SEPARATE USER SPECIFIED FILE 2 Y OR N

NO OUTPUT

Prourammel STOP

F>



CONSOLE LIST FOR PREPROCESSOR
OPTION NO. 2

PROGRAM SIMULATES WAVE PROPERTIES BY FREQUENCY DOMAlN (!ETHODS
=OR =ITHER UNCONDITIONAL OR CONDITICNAL SIMULATIONS.

(WRITTEN BY LEON BORGMAN. LARAMIE. WYOMING)

PLEASE KEY RETURN TO CONTINUE

DO YOU WISH TO READ OUTPUT FROM PREV:OUS RUNS
OF OPTIONS #1 OR #2? (Y - YES. N = NO
N

ENTER A 50-CHARACTER TTLE FOR THE TnME SERIES DA T A.

5/33/a8 5:26 ;'Iy CONSOLE LIST FOR OPTION iR

ENTER A 50-CHARACTER SUMMARY OF THE TIME SERIES
DOCUMENTATION FOR FUTURE REFERENCE.

-----------------------------------------------------
"IST OUTPUT STOfED ON JL J:LIST2.DAT
OPTIONS ACTIVE IN THIS SUBPROGRAM:
0. EXIT PROGRAM
1. PRODUCE COMPLEX AMPLITUDES FOR UNCONDITICNAL SImLTiC71S
2. PRE-PROCESS DATA TO PRODUCE NECESSARY IN UT .. FOR A

CONDITIONAL SIMULATION
5. SIMULATE TIME SERIES FROM AMPLITUDES (USES OUTPUT -ROM

STEP #1. #3. OR #4.)
8. HELP

(PLEASE ENTER YOUR CHOICE AND KEY RETURN)

SOPTION NO.
ENTER SPECTRAL-LINE CUTOFF FRACTICN. (NCT=: A S.' L__
VALUE IS GOOD. ONLY THOSE LINES GIVING VAR:ANC E C"' ' 16 LN
GREATER THAN OR EQUAL TO (CUTOFF*LARGEST SPECTRAL LI' E) A Z
KEPT
0. 'Z00a01

ENTER SEED INTEGER FOR RANDOM NUMBER GEIERATOR. IIt
-------------------------------------------------

1357334

ENTER IOPT:
1OPT-I INDICATES DSPEC MATRIX IS CCMPUTED AND T7EN

STORED FOR FUTURE USE IN A USER-SPC:FrIED FILE.

" - •~~ -. .• I~? 1t l ll%' I I III•I iiiIi



POINT V REACHED
ENTER =ILE NAME FROM WHE-- T -E DATA IS TO BE READ.

J:DSPEC1. DAT
POINT W REACHED
POINT X REACHED

POINT Y REACHED

POINT Z REACHED

AMPLITUDE RANDOMNESS MENU

1. RANDOM PHASE, BUT 4AVE AMPLITUDE DETERMINISTIC AND
CONSTRAINED TO BE EUUAi_ TO 2.0*SQRT(S(F.T ETA))

:. RANDOM PHASE AND RANDOM AMPLITUDE

PLEASE ENTER YOUR CHOICE

POINT B REAC'ED

POINT C REACHED
P'OIN\T D l;=AC:,--ED

NUMB'ER OT DERE-- ,F -OF REEDOM = 17'9
OPT:ONS ACT:VE :N THIS SUS'ROGRAM:

a. EX:T ;-RCGRAM
1. PRODUCE CO.MPLEX AM-PLITUDES = R LNCfNDITIONAL S7MNLAICNS
2. PRE-PROCESS DATA TO PRODUCE NECESSARY :NPUT FOR q

CONDITIOAL SIMULATI ON

5. SIMULATE TI.iE S-RI-S FROM AMPL-:TLDES (LSES OUTPUT FROM

G --E; 4~ R 44.
a. - E I P

,;LEASE ENTER YO*-R CHCICE AND K EY RETJRN)

DO YOU WANJT TO SAVE THE OUTPUT FROM LAST OPTION

STEP ON A SEPARATE USER SPEC-FIED q:L E ? Y OR N

J:OUT.. DAT

'r:,armraeo STOP

Store output on OUT2.DAT.
Printer output Is shown on UST2.DAT.



CONSOLE UIST
OPTION NO. 3

~~ ~~ 7 ES ~ AVZZ =IOPE.- "ES BY FR--:'LE!%:Z'/ )~-P.*E-

=OR T--E ..NOND TIOQNAL OR CONDITIONALs..To .
R:7.Ei 1BY J QN BOR3MAN. LRME Y~\G

~~A SE -'\EY RETURN TOCLC*T:NlJE=

Do y:J eil:srv - o R;ZA o. U'r:;. 7RCMi R-E:L \;'S
7,OPT -nr:: i 4a- 29 =y \'-s. in=

y

J: CUT-'. DA T INPUT
TITLE:
DOCUMENTATI C: E:20i

ISS=12341-677 512L \.73=
OP710NS A'CTIVE :N~ T.*--'- D ~PRjC:A'f:
Z. EXIT PRODGRAM
.3. DEVELOP COMPLEX-VALJED AyPLILD-0JE. C-D1'0- 0N o VE~

INPUT. WHERE CONDI71IONING 11NPUT 153 -ESS 7HPINiN
(USES OUTrPUT 5-r=EP -.

S. H-ELP

(PLEASE ENTER YOUR CHO;ICE AND KEY RE:.,

3 OPTIN NO.
MENU FOR O'TON #3~ CONDTIOZNING 'T

1. READ THE CONDIT.ZONING TIME1 S E R ZS :NT. -E

2. INPUT FROM CON'SOLE f, SINGLET PON- *=-!ZK CC-*l,7 ---.. '
1
THE GIVEN TIME SERIES 'AS 7-- B-7 R-=.D 7RM .-- ,17
J:GTS3. DAT

AT A. X C 1. 1, 1 ) 877 4;+0--
AT 9. XC (1. 1. 1) =1. 3774E*'41
ITER=1 ZROP=+a. a7537a594SZ16831E-001
ITER=2 ERROR=.1. 49646778546-j01
ITER-3 ERROR=.8. 33678075630'81E-002
IT24-4 ERROR=*E,.225658778317'927E-002
ITER-5 E--RROR-.4. 794i8885693E-002
ITER-6 ERROR-+3. 98655722717029S-002
ZTER-7 ERROR-+4. 0793S719941 164E-002
ITER-8 ERROR,+4. 825200Z3410251E-002
ITER-9 ERROR=*4. 01a62099aZ4aE-002
ITER-10 ERROR-.3. 707S48799403312-002



l TER=15 ERROR=-44. 31t727a0665,'T39E-OVa
!TER~1E ERROR=+3. 657r 8i7345--0a2
I TER= 17 SfRRO"R=+4. 053F,967E37275E-002
!TER=13 =RR=-'4. ,Z41a774574544-002

I-E=Ig E-RR+4. 230;64SZ4165E-~00;

1TER2I RROR=+4.528974G6 a2E-002
1712 ERRCFR=+5.807457473-0

-- Ra SRROR+!. S:6;Z17'2ZZ-j?01

-1 T'Z- = C:.RDC=+.1.76947:3E-0

-, E-RCR=+7. 1556056985SS9E-Z'2

:7Z.-R=Z4 5144959492817-002~

5 7 5 a 04;-- 33 1 9 0

- ** -- R=-. 4G44 4'ii;e.4-Z-~
E. R;' ClR 6 3tSaS2,~ -Z0

T4- - -0,0733AW -S

-q. +--.. -~ - -. 5".3 4a D:-25z'i

02- 69132 1908* 1 E-- I

Z; .<:Z: 6 4 9-~

S*F.R=51 ERO=2 &0555367S. E-002

Z; - 7. U i ,-7 . i 37 1- 9GE-L'Z'a

*7Tf 2 ; R p 2 876SE83S73

18* - p53 6 E-0

:7. *-E.-, ' 4 7



: E-"&:- ;'d: = 7. .BS 6 S..6'. .G 7 -3 ;7.~+~: _7 -7,3 Z 0 7 T3 -:1~'

-~R=7. 6 5a6 0(: 1-Z1

" - "=3 £ R., ' .6401,6653 --52:-P73E-0102

:~ ~~ -j R 7. iR -1 7G -+i; 79 5 6 4 389 8 :.-1

E ;-R. R=- •7. 26569:-'0:
"" -," . R =... i 76 954 632E-,01

E3~ *? ;+. 7 P 70' ZE 8 -7,-z
..- =, - '" '5 39t a 94644."Z 36 - O

- :-4----. 3 559 11-4 b -Z

' D--=5 i_ G= 79544365--129531--002-

-" .A=')7 -RC'.h=+7. 373r35935380434E-003
3-5:3,..,- EX'T20

0. EX'T :'-Ro s.;Z"

3. .5',.Z: :Z ,-" .' -Y. LLE .' '-T 'DES. C:3ND : QNED U", .72",,

* ..** .** ********-*** *******************************

,.43 =N7=14 YOUR CHO:CC AND KMY RETURN)

. A,- 7 OUTPUT FILE



CONSOLE LIST FOR OPTION NO. 5

WITH
OUT3.D3AT AS INPUT

-z T (Y AT": J T L CO r -N!

z 7- "V 7. -' -

- ; '7 INPUT .

-. cc 1NCODITO'L ST.tJ"

Fl. =S.*L;,4

***- * **'It ** * ** * * * * ** ** .*~***-

OPTION NO.

;%.IS TJ A 0 S !i

-. ~~'s .. ~ YE,~\ Y..... !'=>SIRED --:: '7-l3

A- 07 LIS AND. -.

Z 4 -SlZ yTr4-LT'P! IS DZSIRED
KEEY NU!riERICr-;. '-IS- OFl TlreE SERIES 13 WANTED

.C-



-. v (.s : : : LS=' 7. ~ -~~

E;\E YOL C:; .- DiYRERN

yj ~ ~~~ A: 3cV:- -E ; JST O .

-. E .-. R Y LP %I . . 2 2



CONSOLE LIST
OPTION NO. 4

=,ROGRAM SIMULATES WAVE ;-ROPERS*'--S BY FREQUENCY DOMATN * .ET.-O=,S
FOR ,-"THR '.:NCONDITIONAL OR CC;DTIONA;- S-7MLLA7ONS.

(WRITTEN BY LECN BORGMAN. LARAMI-. .YOMING)

PLEASE- KEY qETURN TO CONT:NL-
*****~********************** ******************************

DO YOU 41SH TO --OD 3u7,7 .-"Oo P'EV:OUS RUNS
O OPT:CNS #1 OR #2" (Y YES. N, = NO

, DA A*- INPUT
T"ITLE : 5/P--'7 ,3

DOCUMENTATION: 6:2a P'
ISEED- 12345677 .CHLZ= '= 512 .NTS=
OPTIONS ACT:VE IN THIS S SPROGRAM:/' Z. EXI- PRO,3RAM
4. DEVELOP' COMPLEX-VALLED A'"PLTUDES. CONDIT7:1NED O, G-V-'a

INPUT. WHERE CONDOZTON:NG INTSRVAL EQUALS N.
(USES OU'rP-T FROM STEP #2.)

S. HELP

(PLEASE ENTER YOU'R CHOICE AND AEY RETLR.\,)
4 -*-OPTION NO.
THE GIVEN TIME SERIES IS TO 2Z READ RC, WAT .,-

J:GTS4. DAT
OPTION 4: JM=l
OPTION 4: JM-
OPTION 4: JM-3
OPTION 4: JM-4

OPTION 4: J,=5
OPTION 4: JM-6
OPTION 4: Jy1=7
OPTION 4: JMa=, These can easily be removed from

PTTION 4: jM=9 FORTRAN code.
OP-TPON 4: J,=1O However, It Is plesnt to see on
OPTION 4: J=11 the console that the computer
OPTION 4: -13 Is moving along In the calculations.
OPTION 4: JM,14
OPTION 4: i.-115
OTION 4: "M,-16

OPTION 4: :Mi-17
OPTON 4: JM-18
CPT:ON 4: JM-193

- --------



q OPTION 4: J>i=23

OPTION 4: JW=a4

OPTION 4: J I= a5

OPTION 4: JM=26

OPTION 4: J',=27

OPTION 4: JM=i8

OPTION 4: 5t;i 9
OPTION 4: J=30

OPTION 4: JM-31

OPTION 4: JM=32

OPTION 4: Jm=,33

OPTION 4: JM=34

OPTION 4: Jm=35

OPTION 4: j.M=.36

OPTION 4: J=37
OPTION 4: JM-t8

O;PTION 4: JM-39
OPTION 4: JM=40
OPTION 4: J*.=41
OPTION 4: J4=4;R
OPTION\ 4: jfl="3
OPTION 4: ,-!Y-=4,
OPTION 4: JM-45

OPTION 4: JM=46

OPTION 4: J y47
OPTION 4: J-=48
OPTION 4: JYi49
OPTION 4: JY-50
OPTION 4: &M--1-

OPTION 4: =5
OPT:ON 4: &Y=53

GPTON 4: J,'=-4
OPTION 4: JM=55
OPTION 4: JM-56
OPTION 4: JM-57
OPTION 4: JM=58

OPTION 4: JM-59
OPTION 4: JM=60
OPTION 4: J --61
OPTION 4: JM=62
OPTION 4: j:1-63

OPTION 4: JM=64

OPTION 4: J=63

OPTION 4: JM=66

OPTION 4: J-'67

OPTION 4: JM=68

OPTION 4: JM-69

OPTION 4: JMm70

OPTION 4: J-71
OPTION 4: Jr=72

OPTION 4: JM=73
OPTION 4: JV=74

OPTION 4: j',-75
OPTION 4: JM=76
OPTION 4: JM=77
OPTION 4: Jm='73
OPTION 4: JY!=79
OPTION 4: JM=e0
OPTION 4: '"I=1
OPTION 4: Jfrma
OPTION 4: j'1=83
OPTION -: .I3=84

2-I\4: J'Ms65



OPTION 4: JMI':*

OPTION 4: jyf1
OPTION 4: JM='_2

OPTION 4: y 1 =93
OPTION 4: JM~4
OPTION 4: il=95
OPTION 4: , 1=96
OPTON 4: J =97
OPTION 4: JY=98
OPTION 4: j I=93

OPTION 4: JM=10

OPTION 4: jI=1Z5
OPTION 4: J Iv02
OPTION 4: JM=917
OPTION 4: Jy=904

OPT:ON 4: j."=99

OPTION 4: JM=105
OPTION 4: j,;=10
OPTION 4: J' = 7

OPTION 4: J 2!3
OPTION 4: JIM=10
OPTION 4: J M=i5
OPTION 4: J,=6
OPT-ON 4: J1=:07
OP70N 4: J.=18
OPTION 4: J'.0
OPTION 4: JM='10
O PTQIN 4: j 7Yi'l
O--PTION 4: '-=Y i
OPTION 4-: JM. 13

OPTION 4: J ='14
OPTION 4: jM1=i5

OPTION 4: J,=" !6

OPTION 4: J'NI='6
OPTION 4: JM= 27
OPTIONS ACTIVE I, "I SUBPROGRAM:/' 0. XI 'GR",

4. DEVELOP COMPLEX-VA:JED IAMPLITUDES, c3\DL-cNED cN 3IVEN

;NPUT. WHERE CONDITICN'NG INTEVP. -LS N.

(USES OUTPUT =ROM STEP #2.)

8. HELP

(PLEASE ENTER YOJR CHOICS AND KEY RF.TU R:\)
0

DO YOU WANT TO SAVE TE OUTPUT FROM LAST O;'7'TlN'

STEP ON A SEPARATE LGER SPECIFIED FILE Y C3 N
Y

PLEASE ENTER 7'-,E NAM =*cR S-C7PGE

J : OUT 4. DAT OUTPUT FILE

Prooarararoled STOP

F)



CONSOLE UST FOR OPTION NO. 5
USING OUT4.DAT AS INPUT

PROGRAM SIMULATES WAVE -ROPER71.ES BY FREDUENCY DOvAI'N METHOD'S
FOR EITHER UNCONDITIONAL OR ComDITIONAL SIIULATIONS.

(WRITTEN BY LEON BORGMAN. LARAM:E, WYOMING)

PLEASE KEY RETURN TO CONTINUE

DO YOU WISH TO READ OUTPUT FROM 'REV:OUS RUNS
OF OPTIONS #1 OR #2? (Y = YES. N - NO
Y
IWHAT :S THE FILE N A M O=T'UT?

. :0T4. DAT INPUT
OPT70NS ACTIVE IN T:4IS SUBP9.GRA-:
0. EXIT PROGRAM
1. PRODUCE COMPLEX AMPLITUDES FOR U.NCO: DITIONAL SIMUAI. .
2. PRE-PROCESS DATA TO PRODUCE NECESSARY INPUT FOR A

CONDITIONAL SIMLLATIO.4
5. SIMULATE TIME SERIES FROM AMPLTUDES (USES OUTPUT FROM

STEP #1, #3, OR #4.)
S. HELP

(PLEASE ENTER YOUR CHOICE AND KEY RETURN)

1.OPTION NO.
ENTER NOISE TO SIGNAL RATIO. AS RATIO OF .:CISE

STANDARD DEVIATION TO S:GNAL STANDARD DEVIATION
0.0
CHANNEL NUMBER: 1
PLEASE ENTER MEAN VALUE DESIRED FOR T.-,IS C:-AN.EL
0.0
CHANNEL NUMBER:
PLEASE ENTER MEAN VALUE DESIRED FCR THIS C-ANNL

0.0
CHANNEL NUMBER: "
PLEASE ENTER MEAN VALUE DESIRED FOR T-iIS CHANNEL
0.0
ENTER TIME STEP FOR START OF LIST AND RETURN
1
ENTER TIME ST .. AT TERMINATION OF LIST AND RETURN

ENTER 0 IF GRAPHICAL OUTPUT IS DESIRED
KEY 1 IF NUMERICAL LIST OF TIME SERIES IS WANTED
1

NUME4E' OF DLEG.REES OF -REEDOM ,- 0

-~-. .--- m mm m m mmmm• m m n m m m



2.PRE-PROCZSS OA--A 70 PRODUCE NECE.-SSAqRY INPUT FOR A
CONDITIONAL SIMULATTON

5. SNLAETIM1E SERIES FROM AM'PLITUDES (USES OwTPUT C'O
STEP #1. #:3. OR *4,)

S. H-ELP

(PLEASE ENTER YOUR CHOICE A~ND KEY RETURN)

DO YOU WANT TO SAVE THE OLTPUT FROM LAST OP-ION
STEP ON A SEAA- USER SPECIFIZ-1 FILE ? Y OJR N

N

Pr.ogramme~d S7CP

F-

Time series are stored In printer
isting UST45.AT



S -: SIM7 CONSOLE UST
OPTION NO. 7

PROGRAM SIMULATES WAVE PROPERTIES BY FREQUE=NCY D !,A -,ET ODS
FOR EITHER UNCONDITIONAL OR CONDITIONAL SIMULATIONS.

(WRITTEN BY LEON BORGMAN. LARAMIE. WYOMING)

PLEASE KEY RETURN TO CONTINUE

DO YOU WISH TO READ OUTPU: FROM PREV'IOJS RUNS
AS INPUT =OR THIS RLN? (Y = YES. N = NO
Y

WHAT IS THE =:L'ZX.AiE % T-.IS INPUT?
J:rOU T 4.DAT -- INPUT
OPTIONS ACTIVE :AN T IS 3OBP-GGRAM:
0. EXIT PROGRAM
7. PRODUCE A REDtCED SET OF AMPLITUDES FOR A LOW AESCLUT:_','

REPRESENTION THE SEA SURFACE AND KINEMATICS.
(USES OUTPUT FROM S'TE .S 1 OR STEP #3.)

8. HELP
**** ** **** ***** ** **4** * ** ** *** * ** ** * * ** ** *** *** **

(PLEASE KEY YOUR Ci-OICE AND RETURN)
7 *- OPTION NO.
PLEASE ENTER THE LOWEST AMPLITUDE OF INTLRES-

0.1
QWKSRT
DO YOU WANT TO SEE A COMPARISON OF THE FULL
RESOLUTION AND THE LOW RESOLUTION WAVE TIE HI3STCRIES
AT X=0. Y-O ? (Y OR N)i Y
ENTER TIME STEP FOR START OF LIST AND RETLN
1

ENTER TIME STEP AT TERMINATION OF LIST AND RETLRN

ENTER 0 IF GRAPHICAL OUTPUT IS DESIRED
KEY I IF NUMERICAL LIST OF TIME SERIES IS WANTED
0

OPTIONS ACTIVE IN THIS SUBPROGRAM:
0. EXIT PROGRAM
7. PRODUCE A REDUCED SET OF AMPLITUDES FOR A LOW RESOLUTION

REPRESENTION THE SEA SURFACE AND KINEMATICS.
(USES OUTPUT FROM STEPS #1 OR S CP #3.)

8. HELP

(PLEASE KEY YOUR CHOICZ AND RETURN)



Proq rammedO STO-

List of low rsolution amplitudes Is
printed on line printer as shown In UST7.DAT.
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